PATENT SPECIFICATION (ii) i 5 80 061 



oo 

IT) 



(21) Application No. 35678/77 (22) Filed 25 Aug. 1977 

(23) Complete Specification Filed 9 May 1978 

(44) Complete Specification Published 26 Nov. 1980 

(51) INT. CL. 3 G02B 7/26 

(52) Index at Acceptance 
G2J GEA 

(72) Inventor: SIDNEY EDWARD WRIGHT 




(54) FIBRE OP r 

(71) We, STANDARD TELE- 
PHONES AND CABLES LIMITED, a 
British Company of 190 Strand, London 
W.C.2. England, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement:- 
This invention relates to fibre-optic con- 

10 nectors. 

According to the present invention there is 
provided a connector for coupling two fibre 
optic light guides each of which is terminated 
by a substantially cylindrical ferrule, which 

15 includes a slotted metal sleeve into which the 
two ferrules are fitted with their ends abut- 
ting or closely adjacent to each other, and at 
least one metal ring fitted over said sleeve, 
wherein said ring or rings is or are made from 

20 a metallic alloy which softens and can be 
expanded when cooled, wherein said ring or 
rings is or are fitted over the sleeve while it or 
they and the sleeve are subjected to a temp- 
erature lower than ambient, and wherein as 

25 the connector returns to the ambient temp- 
erature the ring or rings contract to grip the 
slotted sleeve and to close it up, so that it 
retains the ferrules firmly in place. 

Four embodiments of the invention will 

30 now be described with reference to Figures 1 
to 4, which accompanied the Provisional 
Specification. 

Certain metallic alloys have the interesting 
property that they soften when they are 

35 cooled, and can open out under spring pres- 
sure, and this property is exploited in the 
fibre optic connectors described herein. 

Such alloys are known as memory metals, 
and one of the first such metals was 55 

40 Nitinol, which is an equi-atomic titanium- 
nickel intermetallic compound, and is 
described in a paper "55 Nitinol, Unique 
Wire Alloy with Memory" by W.J. Buehler 
and W.B . Cross, Wire Journal, June 1 969, pp 

45 41-44. Since 1969 much work has been done 
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in this field, and other so-called memory 
metals are now available. 

A memory alloy has an inherent capability 
to drastically alter its type of atomic bonding 
and the forces associated therewith as a func- 50 
tion of temperature. The range over which 
this bonding change occurs is called the trans- 
ition temperature range TTR. Below the 
TTR such an alloy is highly ductile and may 
be plastically deformed, the initial plastic 55 
flow being associated, at least in the case of 
55 Nitinol, with a martensitic shear of diffu- 
sionless transformation. This mechanism 
resembles the application of a shearing force 
to a pack of cards, the total atomic movement 60 
between adjacent planes of atoms being less 
than a full atomic distance based on the nor- 
mal atomic lattice. This occurs as certain 
localized electron bonds are broken when 
the temperature falls below the TTR. 65 

The material recovers when heated above 
the TTR, i.e. raising the temperature above 
the TTR forms strong and directional bonds 
which pull the displaced atoms back to their 
pre-deformed positions. 70 

In all four of the arrangements described 
herein, each of the fibre optic light guides to 
be coupled is terminated by a small metal 
ferrule such as 1,2, Figure 1. Such a ferrule 
has a cylindrical body portion and an 75 
enlarged flange, as can be seen from the 
drawings. To terminate the fibre with such a 
ferrule the cladding on the fibre is partly 
removed from its end, which is centrally 
located within the non-flanged end of the 80 
ferrule. This location must be effected with 
great accuracy, and one preferred way of 
doing it is to use a watch jewel at the ferrule 
end. The hole in the centre of the jewel is 
accurately located therein. The fibre is held 85 
in place in the ferrule by a suitable adhesive 
such as an epoxy, and the end-face of the 
ferrule with the centrally-located fibre is 
ground flat. Hence if two such ferrules are 
accurately aligned, light transfer from one to 90 
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the other is good. Such a method of terminat- 
ing an optica] fibre is described and claimed 
in our Patent Specification No. 1,497,781. 
In the arrangement of Figure 1, a double- 
5 ended sleeve 3 of a beryllium-copper alloy is 
used, the sleeve having two slots 4, 5, one at 
each end. Adjacent each of its ends the 
sleeve 3 has a portion of reduced diameter, 
over which are fitted shrink metal rings 6 and 
10 7. 

The arrangement is assembled under low 
temperaturc^conditions, for instance by per- 
forming the assembly in a spray of a refriger- 
ent gas such as FREON (Registered Trade 

15 Mark). This assembly involves putting the 
rings 6, 7 in place on the sleeve 5, this being 
possible since under such low temperature 
conditions the rings are a loose fit on the 
sleeve. Then the ferrules 1, 2 which termi- 
20 nate the fibre-optic cables are fitted into the 
sleeve 3 with their inner ends abutting or 
closely adjacent to each other. Then the 
assembly is removed from the low tempera- 
ture spray, and as the temperature rises the 

25 rings 6 and 7 contract. This contraction 
causes the rings to squeeze the slotted ends of 
the sleeve 3"which therefore in their turn 
firmly grip the ferrules. Hence a good firm 
connection is made, which gives good light 

30 transmissive characteristics. 

To disconnect the cable it is necessary to 
cool the arrangement until the rings 6 and 7 
have opened enough for the sleeve 3 to 
release its grip on the ferrules 1, 2. This 

35 occurs readily due to the springy characteris- 
tics of the beryllium copper alloy used. 

The connection shown in Figure 2 is in 
essence similar to that shown in Figure 1, 
except that the sleeve 1 0 of beryllium-copper 

40 alloy has one slot 11 only. In' addition one 
shrink ring 12 is used, which fits over a por- 
tion of reduced diameter midway along the 
sleeve 10. The ferrules of the cables to be 
jointed are fitted into the sleeve 10 as shown, 

45 this being done as before at low temperature. 
On warming up to ambient temperature the 
ring 12 closes the slot 1 1 so that the ferrules 
are firmly gripped and held together. Note 
that this arrangement uses a relatively short 

50 sleeve. 

In Figure 3 we return to the longer sleeve 
20, but in this case it is a "CT sleeve as its slot 
21 extends the whole of its length. Here also 
the shrink ring 22 is located at or near the 

55 centre point of the sleeve. 

Note that a "C ,? sleeve as in Figure 3 could 
also be used with two shrink rings as in Figure 
1 if this is considered preferable. 
Figure 4 shows partly sectioned a multi- 

60 way "connector assembly - two light guides 
actuallv shown. The cable 40 is held in place 
in the outer shell 41 by a neoprene clamp 
sleeve 42 and a screw-in locking ring 42. The 
upper half of the connector is connected to 

65 the lower half by screw-threaded locking 



rings in conventional manner. 

The ferrules such as 43, 44 which termi- 
nate the fibres have locking sleeves 45, 46 
which are provided with shrink rings such as 
47, 48, 49. The assembly is on the same 
principle as described above with relation to 
Figures 1, 2 and 3. 

Spring C-rings such as 50 are also provided 
to retain the sleeves in their correct position 
with respect to the transverse partitions 51, 
52 in the connector portions. 

WHAT WE CLAIM IS:- 

1. A connector for coupling two fibre 
optic light guides each of which is terminated 
by a substantially cylindrical ferrule, which 
includes a slotted metal sleeve into which the 
two ferrules are fitted with their ends abut- 
ting or closely adjacent to each other, and at 
least one metal ring fitted over said sleeve, 
wherein said ring or rings is or are made from 
a metallic alloy which softens and can be 
expanded when cooled, wherein said ring or 
rings is or are fitted over the sleeve while it or 
they and the sleeve are subjected to a temp- 
erature lower than ambient and wherein as 
the connector returns to the ambient temp- 
erature the ring or rings contract to grip the 
slotted sleeve and to close it up, so that it 
retains the ferrules firmly in place. 

2. A connector as claimed in claim 1, in 
which said sleeve has two slotted portions 
interconnected by a central slotless portion, 
so that when two ferrules mate within the 
sleeve the slots are each located over the 
non-mated end of a said ferrule, and in which 
two of said rings are provided each of which 
fits over one of said slotted portions of the 
sleeve. 

3. A connector as claimed in claim 2, and 
in which the two portions of the sleeve which 
are slotted each has a reduced diameter as 
compared with the said central slotless por- 
tion. 

4. A connector as claimed in claim 1, in 
which the sleeve has a single slot which 
extends from one end of the sleeve to a point 
about three-quarters of the sleeve's length 
from said one end, in which the central por- 
tion of the sleeve is of reduced diameter, and 
in which one of said rings is provided, which 
ring fits over said reduced diameter central 
portion. 

5. A connector as claimed in claim 1, in 
which the sleeve is slotted throughout its 
entire length and has a central portion of 
reduced diameter, and in which a single one 
of said rings is provided, which ring fits over 
said central portion of reduced diameter. 

6. A connector as claimed in claim 1, in 
which the sleeve in is slotted throughout its 
entire length and has end portions of reduced 
diameter, and in which two of said rings are 
provided each of which fits over one of said 
portions of reduced diameter. 

7. A multi-way connector in each ele- 
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ment of which a plurality of optical fibres is 
terminated, the arrangement of each said 
mating pair of fibres being as in any one of 
claims 1 to 6. 
5 8. A connector for coupling optical 
fibres, substantially as described with refer- 
ence to Figure 1, 2, 3 or 4 of the drawings 
accompanying Provisional Specification . 
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